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An investigation of the perturbations of the Reissner-Nordstro¨m black hole in the N = 2 super-
gravity is presented. In the extreme case, the black hole responds to the perturbation of each eld
in the same manner. This is possibly because we can match the modes of the graviton, gravitino
and photon using supersymmetry transformations.
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The extreme Reissner-Nordstro¨m black hole is very im-
portant particularly in the context of supergravity. First,
in supersymmetric theory the mass of the black hole is
bounded below by its charge [1]. Then the extreme black
hole saturates this bound. This mass bound is surpris-
ingly identical to the bound imposed by the cosmic cen-
sorship conjecture. Thus we can naturally avoid naked
singularities in supergravity theories [2]. At the same
time, the extreme black hole has the symmetry that the
nonextreme black holes do not have since the spacetime
admits the Killing spinor eld, which means the extreme
black hole is invariant under the supersymmetric trans-
formations. The state is a close analogy of a BPS satu-
rated state for supersymmetric particles. Second, all or-
ders of quantum corrections should vanish in the extreme
state. This feature of the supergravity theories may lead
to an insight to the quantum eects around black holes
[3].
So far, the extreme black holes in supergravity have
been discussed only in the case of static congurations.
However, to know more about the role of black holes in
the supergravity theories, we need to work on the dy-
namical aspects of black holes.
In the preceding paper [4], we have investigated
the quasinormal frequencies of the extreme Reissner-
Nordstro¨m black hole in the Einstein-Maxwell theory
and found an interesting fact that those frequencies were
completely identical for both the electromagnetic and
the gravitational perturbation. The coincidence between
photon and graviton may be something to do with the
supersymmetry, since the elds with dierent spins are
related to each other. Thus, we continue our analysis
to the O(2) extended supergravity [5] to investigate the
perturbations of the Reissner-Nordstro¨m black holes to
get an insight on the black hole in supergravity theory.
The O(2) extended supergravity eld equations reduce
to the usual Einstein-Maxwell equations when the grav-
itino elds vanish. By linearizing the eld equations
about a solution with vanishing gravitino elds, we ob-
tain a consistent set of equations for the photon, grav-
itino and graviton elds on a background solution of
the Einstein-Maxwell equations. When we consider the
Reissner-Nordstro¨m solution, those equations can all be
reduced to the Regge-Wheeler type equations. For the
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 = r2 − 2Mr+Q2; (4)
q1 = 3M −
p
9M2 + 4Q2(A − 2); (5)
q2 = 3M +
p
9M2 + 4Q2(A − 2); (6)
A = l(l + 1); l = 1; 2; 3; ::::(for s = 1); (7)
l = 2; 3; 4; ::::(for s = 2): (8)
The cases of s = 1 and s = 2 correspond to the elec-
tromagnetic and the gravitational perturbation, respec-
tively. Here, M and Q are the mass and charge of the
black hole, and l is an angular multipole index of the
perturbation. For the gravitino [7,8], the equation is the









































In the extremal limit under the normalization of M =
Q = 1, the potentials for the three elds surprisingly
reduce to similar forms:
V1 = +(l + 1)
df
dr
− 4f3 + (l + 1)2f2;


























− 4f3 + l2f2;
l = 2; 3; 4; ::::; (16)





The radial equation of the Rarita-Schwinger eld and
that of the electromagnetic eld are completely the same
when we shift a multipole index by 1/2. The equation
of the gravitational eld is also the same except for the
sign of the rst term.
This dierence does not aect the response to the per-
turbation as we have shown in the previous paper. It can
be checked using the standard technique of the one di-
mensional scattering theory [6]. We have calculated the
rst ten conserved quantities of the KdV equation for
V2 which is related to the transmission amplitude by the
formula:






where In is the n-th conserved quantity of the KdV equa-
tion. If we calculate In for each n, we can nd that it is
invariant under the transformation, l ! −l. For exam-


















(2V 3 + V 02)dr
=
143l6 − 325l4 + 281l2 − 76
45045
: (21)
Thus, Ins are equal for each eld. Though we have not
proved that all the Ins are even in l, it seems to hold for
any n. From the above observation, we can conclude that
there is no dierence whatever perturbed eld we con-
sider as a scattering problem around the extreme black
hole. The transmission amplitude for each eld is the
same and so is the reflection amplitude. The coincidence
of the transmission amplitudes for the three elds is prob-
ably related to supersymmetry. We will discuss it later.
Next, we consider the cases of the nonextreme black
holes to check whether the coincidence remains for them
as well. Because the potentials are complicated in the
nonextreme cases, it is dicult to obtain similar forms
to Eqs.(19), (20), and (21). Instead of evaluating Ins,
we will calculate the quasinormal frequencies, which are
the resonant poles of the problem and are obtained eas-
ily through a numerical calculation. The coincidence of
these modes is then a necessary condition for all elds
to have the same transmission amplitude. The quasi-
normal mode of the black hole is a solution of the Regge-
Wheeler equation which satises the boundary conditions
that there only exists a purely outgoing wave at the inn-
ity and a purely ingoing wave at the black hole horizon.
The mode will dominate the emission of the wave when
the black hole is perturbed. These frequencies are one of
the most important quantities of the black hole to classify
a black hole.
The quasinormal modes of black holes have so far been
calculated through many methods [9{14]. Here, we adopt
the WKB method which is the easiest way to obtain the
frequencies though it is not very accurate. It however
does not matter for our purpose. Now we are examin-
ing whether the responses are the same among the three
elds, thus obtaining the accurate frequencies is not nec-
essary.
The formula of the rst order WKB quasinormal fre-
quencies is given in [11] as
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where the subscript 0 denotes the value at the top of the
potential and the subscript n is 0 or a positive integer
called the mode number. It should be noted that the
WKB method is valid only for slowly damped modes,
and thus is useless to compute a frequency for large n.
Using the above formula, the rst two quasinormal
modes of the graviton, gravitino, and photon are numer-
ically calculated. We compute l = 1; 2; 3 electromagnetic
quasinormal frequencies, l = 3=2; 5=2; 7=2 gravitino’s fre-
quencies, and l = 2; 3; 4 gravitational frequencies on the
background of charged black holes whose charges are
ranged from 0.8 to 1.0. The trajectories we obtain are
plotted in Fig.1.
As easily seen, there is the coincidence of the quasinor-
mal frequencies among three elds in the extremal limit
which is the right endpoint of each line. We only use nu-
merical values of the potentials and its derivatives at the
top when we compute the WKB quasinormal frequen-
cies. Thus, Fig.1 indicates how close all the potentials
are near the extreme black hole and we can explicitly
nd the coincidence in the extremal limit, which is ana-
lytically shown in Eqs.(14), (15), and (16). Quasinormal
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frequencies of the electromagnetic eld move fastest in
the complex ! plane when we change the charge of the
black hole, because the electromagnetic eld is most sen-
sitive to the change of the charge. Roughly speaking,
quasinormal frequencies of the gravitino eld is approxi-
mately the average value of the electromagnetic and the
gravitational frequencies.
The coincidence found among the graviton, gravitino
and photon is supposed to be due to the supersymmetry.
It is known that the extreme charged black hole admits
a Killing spinor eld [1]. It means that the background
solution is invariant under the supersymmetry transfor-
mations with respect to the Killing spinor eld. This im-
plies that all the perturbed elds can be related to each
other using the supersymmetry transformations, which
conserves the S-matrix.
Here we reach a new insight on the black hole in su-
pergravity. It is expected that for any supergravity the-
ory the perturbed elds around the BPS saturated black
hole should have a similar behavior; a scattering problem
around the black hole is the same from one eld to an-
other. This is because all the elds can be matched with
each other using supersymmetry transformations and the
character of the black hole does not change whatever eld
we consider around it. This is also very interesting, be-
cause it shows that the symmetry is implicitly embedded
even when we consider the bosonic theory; it appears as a
coincidence between photon and graviton in the Einstein-
Maxwell theory.
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FIG. 1. Solid lines, short dashed lines, and long dashed
lines are the trajectories of the rst order WKB quasinormal
frequencies of the photon, gravitino, and graviton, respec-
tively. Each left endpoint of lines corresponds to the frequency
of a charged black hole of Q = 0:8, and each right endpoint
corresponds to the frequency in the limit of maximal charge.
A trajectory of each quasinormal frequency meets at the right










FIG. 2. The bounded box in the above gure is zoomed in.
3
